
                                                                                                                   

 
 
 

 
 
 
 

 
 

PROTECTING THE OZONE LAYER PROTECTS EYESIGHT 
 

A REPORT ON CATARACT INCIDENCE IN THE UNITED STATES USING THE 
ATMOSPHERIC AND HEALTH EFFECTS FRAMEWORK MODEL 

 
 
 
 
 
 
 
 

Prepared for:  
Stratospheric Protection Division 

Office of Air and Radiation 
U.S. Environmental Protection Agency 

Washington, D.C. 20460 
 
 

Prepared by: 
ICF International 

1725 Eye Street, NW 
Washington, DC 20006 

 
 
 
 

July 30, 2010 
 

    
  
  



                                                    Protecting the Ozone Layer Protects Eyesight  
 A Report on Cataract Incidence in the United States Using the AHEF  

Acknowledgements 
This report was prepared for the U.S. Environmental Protection Agency (EPA) with the 
support of its contractor, ICF International (ICF).  We would like to thank the individuals 
listed below who participated in the peer review of this report.  Their insight and 
suggestions were critical in producing a comprehensive report. 
 

o Dr. James Dillon, Northern Illinois University 
o Dr. Barbara E. K. Klein, University of Wisconsin 
o Dr. John C. Merriam, Edward S. Harkness Eye Institute  
o Dr. Cristina Schnider, Johnson and Johnson Vision Care 
o Dr. Jeffrey L. Weaver, American Optometric Association 

We would further like to thank Dr. Sasha Madronich at the National Center for 
Atmospheric Research for his efforts in providing the biologically weighted irradiance 
table in Appendix B and for his guidance in reviewing the report.   

Though every effort was made to ensure accuracy, EPA is solely responsible for any 
errors in this report.

 
  i 



                                                    Protecting the Ozone Layer Protects Eyesight  
 A Report on Cataract Incidence in the United States Using the AHEF  

Table of Contents 
 
Acknowledgements.............................................................................................................. i 
 
Foreword ............................................................................................................................ iii 
 
Preface................................................................................................................................. v 
 
Acronyms.......................................................................................................................... vii 
 
Executive Summary ............................................................................................................ 1 
 
1.  Introduction.................................................................................................................... 3 
 
2.  Modeling Changes in Ultraviolet Radiation Exposure and Health Effects ................... 5 

2.1 Changes in the Exposure Module ......................................................................... 5 
2.2 Changes in the Effects Module ............................................................................. 7 

 
3.  Projecting Cataract Incidence ...................................................................................... 11 
 
4.  Model Results .............................................................................................................. 12 

4.1 Results Presented at the County and State Scales …..…………………….…………12 
4.2 National Results Presented by Policy Scenario .................................................. 14 

 
5.  Sensitivity and Uncertainty Analysis........................................................................... 16 

5.1 Sensitivity and Uncertainty to the Biological Amplification Factor .................. 16 
5.2 Uncertainty Analysis........................................................................................... 18 

 
6.  Topics for Future Research.......................................................................................... 19 
 
References......................................................................................................................... 21 
 
Glossary ............................................................................................................................ 24 
 
Appendix A:  Baseline Cataract Incidence ....................................................................... 28 
 
Appendix B:  Biologically Weighted Irradiance .............................................................. 29 
 
Appendix C:  Comparison of Atmospheric and Health Effects Framework Variables.... 32 
 
Appendix D:  Avoided Cataract Incidence by State ......................................................... 35 
 
Appendix E:  Responses to Peer Review Comments........................................................ 36 

 

 

 
  ii 



                                                    Protecting the Ozone Layer Protects Eyesight  
 A Report on Cataract Incidence in the United States Using the AHEF  

Foreword 
Cataract is a clouding of the eye’s naturally clear lens. Mostly, cataracts appear as we 
grow older, usually after age 40.  Over time, cataract formation in one or both eyes can 
cause vision impairment and blindness.  Age-related cataract has a number of potential 
causes, but lifelong exposure to ultraviolet radiation from the sun likely plays a 
significant role.  In the 2008 update to the Vision Problems in the U.S. report, the 
National Eye Institute and Prevent Blindness America estimated that cataract affects 
more than 22 million people, one in six over the age of 40, in the United States. 

The only treatment for cataract is removal of the clouded natural lens.  Most cataract 
patients receive an artificial lens, called an intraocular lens (IOL) implant in what is 
typically a safe and highly effective outpatient procedure.  But this treatment can be 
costly for individuals and for society.  Prevent Blindness America estimated in its 2007 
Economic Impact of Vision Problems report that the direct medical cost of cataract 
treatment for Americans over the age of 40 totaled $6.8 billion annually.  This figure 
does not include lost productivity from reduced labor force participation and health utility 
costs related to distress, pain, depression, mobility and social limitations as measured by 
quality-adjusted life years.  These direct and indirect costs will only increase as the U.S. 
population ages and cataract becomes even more prevalent.  The next edition of Vision 
Problems in the U.S., to include estimates based on 2010 U.S. Census data, is expected to 
reflect this trend. 

The average direct outpatient cost of cataract treatment is $1,268 per patient. For 
inpatient treatment, the cost rises to $5,689 per patient.  Consequently, every case of 
cataract delayed or avoided entirely will return savings to individuals, our health care 
delivery system, and society as a whole, not to mention the potential impact in improved 
quality of life for those who do not have to face vision impairment or surgery. 

Protecting the Ozone Layer Protects Eyesight – A Report on Cataract Incidence in the 
United States Using the Atmospheric and Health Effects Framework Model offers an 
important reminder of the link between the intensity of ultraviolet radiation and cataract 
incidence.  At Prevent Blindness America, we fully support the Environmental Protection 
Agency in its efforts to increase public awareness of the consequences for our eye and 
vision health resulting from UV exposure and the estimated health benefits of domestic 
and international policies to reduce levels of ozone-depleting substances in the 
atmosphere.  Without the Montreal Protocol on Substances That Deplete the Ozone 
Layer and its amendments and adjustments, the economic and social burden of cataract 
might well have been much higher for our nation. 
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As the report emphasizes, cataract is primarily an age-related phenomenon, with risk 
factors that may vary for individuals depending on where they live, their level of outdoor 
activity, and the extent to which they take steps to protect their eyes from UV radiation 
throughout their lives.  Protecting the Ozone Layer Protects Eyesight - Cataract 
Incidence in the United States Using the Atmospheric and Health Effects Framework 
Model sets the stage for additional research to demonstrate the direct economic and 
societal benefits of ozone layer protection and enables future efforts to tailor more precise 
public health messaging about UV eye protection that may avoid many more cases of 
cataract for generations of Americans in the years and decades to come.  

 

Hugh R. Parry 

President & CEO 

Prevent Blindness America 
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Preface 
 
The Atmospheric and Health Effects Framework (AHEF) was created in the mid 1980s to 
assess the adverse human health effects associated with a depleting stratospheric ozone 
layer.  Historically, the AHEF has estimated the probable increases in skin cancer 
mortality, skin cancer incidence, and cataract incidence in the United States that result 
from ozone-depleting substance (ODS) emission scenarios relative to a 1979-1980 
baseline (i.e., prior to significant ozone depletion).  This baseline is defined as the health 
effects that would have occurred if the ozone concentrations that existed in 1979-1980 
had been maintained through the time period modeled.  In addition, the AHEF can 
provide the probable change in incidence and mortality that results from one ODS 
emission scenario relative to another ODS emission scenario, thereby providing 
incremental estimates of the potential benefits associated with broad policy scenarios. 
 
The AHEF was significantly updated for the 2006 Peer Review Report to incorporate 
new research results.  A number of revisions occurred, including: (1) recalibration and 
refinement of stratospheric ozone concentration measurements; (2) updated ODS 
emission data; (3) improved forecasts of the impact of changing ozone concentrations on 
ultraviolet (UV) radiation intensity at the Earth’s surface; (4) updated information on the 
biological effects of UV radiation of different wavelengths (action spectra), and how age 
and year of birth affect the induction of skin cancers and other human health effects; (5) 
improved estimation of projected skin cancer mortality rates, based on more recent and 
reliable epidemiological data; (6) revised health effects modeled by the AHEF including 
removing the cataract module, to more accurately predict only those health effects for 
which an agreed upon dose-response relationship was available; and (7) updated 
population data.  These updates were tested and presented in the 2006 Peer Review 
Report, “Human Health Benefits of Stratospheric Ozone Protection.” 
 
The 2006 Peer Review Report found a weak correlation between state-level average 
annual UV exposure and cataract incidence (based on data from the 2002 National Eye 
Institute/Prevent Blindness America report, Vision Problems in the U.S.: Prevalence of 
Adult Vision Impairment and Age-Related Eye Disease in America). It was suggested that 
aggregated state-level UV data may not have been sufficiently refined to show 
population–based effects.  Based on the findings, the 2006 Peer Review Report identified 
topics for future research including the possible re-inclusion of the cataract module 
should additional refinement of population adjusted dose-response information become 
available.  Another area peer reviewers identified for AHEF model improvement was 
predicting effects by skin types, if possible.   
 
This report discusses the new updates to the AHEF that have occurred since the 2006 
Peer Review Report.  In particular, this report reintroduces the cataract module into the 
AHEF given the: (1) improved spatial resolution that provides county-level population 
projections, and (2) availability of improved information on the biological effects of UV 
radiation, including dose-response relationships by skin type, to estimate the probable 
increase in cataract incidence.  Although no re-analysis of the weak correlation found 

 
  v 



                                                    Protecting the Ozone Layer Protects Eyesight  
 A Report on Cataract Incidence in the United States Using the AHEF  

between UV radiation exposure and cataract incidence was performed, the availability of 
county-level data and a more robust action spectrum based on animal eye lenses made 
such a re-analysis unnecessary.   
 
The changes to the AHEF cataract module are discussed in detail within this report and 
are intended as a supplement to the 2006 Peer Review Report and, as such, use the same 
emission scenarios created in 2001.  The emission scenarios used in this analysis reflect 
the state of knowledge for ozone recovery in 2001, i.e., reflect a more optimistic time 
frame for ozone layer recovery—recovery in the mid 2040s versus the current World 
Meteorological Organization estimate of 2065.  Therefore, it is likely the results in this 
report underestimate health benefits associated with stratospheric protection programs.  
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Acronyms 
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Executive Summary 
 
Human-made ozone-depleting substances (ODS) such as chlorofluorocarbons (CFCs), 
halons, methyl bromide, and hydrochlorofluorocarbons (HCFCs) reduce the ozone 
concentration in the Earth’s stratosphere.  The ozone layer acts like a protective shield, so 
damage to it significantly increases the amount of ultraviolet (UV) radiation reaching the 
Earth’s surface.  More UV means more adverse human health effects, like skin cancer 
and cataract.  The 1987 Montreal Protocol on Substances that Deplete the Ozone Layer 
(Montreal Protocol) is an international agreement in which governments have 
acknowledged the harm and agreed to phase out production and import of specific ODS.  
The U.S. Environmental Protection Agency (EPA) uses the Atmospheric and Health 
Effects Framework (AHEF) to assess the human health benefits in the U.S. associated 
with reducing emissions of ODS under the Montreal Protocol and its amendments and 
adjustments.  Previously, the AHEF estimated the skin cancer cases and deaths avoided.  
This report shows that the AHEF now has the capability to model avoided cataract cases. 
 
The updates that enabled AHEF to model cataract incidence include: 
 

• Improved spatial resolution;  
 
• Updated information on the biological effects of UV radiation, including dose-

response data by skin type and gender; 
 

• More recent epidemiological data; and 
 

• Improved calculation of the solar zenith angle. 
 
These updates increase model accuracy and improve model output.  This report discusses 
these updates, improvements, and future work.   
 
EPA uses AHEF to examine how health effects change under different ODS control 
policy scenarios either relative to the 1979-1980 baseline, or compared to one another.  
For example, this report estimates that the strengthening of the original Montreal Protocol 
through the Montreal Amendments of 1997 will result in more than 22 million additional 
new cataract cases avoided for Americans born between 1985 and 2100.  This finding 
illustrates how reducing ODS leads to increases in stratospheric ozone concentrations, 
thereby reducing cataract incidence.  The results further demonstrate two trends when 
comparing less protective policies for protecting the ozone layer to more protective 
policies.  First, U.S. counties with many residents older than age 55 have a demonstrably 
higher cataract incidence than neighboring counties with fewer residents over age 55.  
Second, because ozone depletion occurs more significantly at higher latitudes, residents 
of northern counties experience a higher relative increase in exposure to UV radiation 
than do residents of southern counties.   
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The sensitivity analysis found that changing the biological amplification factor (BAF) as 
a function of skin type and gender was not highly influential.  Overall, the BAFs -- the 
dose-response relationship between UV radiation intensity and cataract cases caused -- 
were the greatest source of uncertainty, followed by the choice of action spectrum that 
relates UV exposure to incidence of cataract.  
 
EPA plans additional updates to AHEF to further improve its capabilities.  The emissions 
scenarios will be updated to reflect current assumptions regarding ODS emissions 
estimates, including the development of a new emission scenario that represents the 
Montreal Protocol as adjusted in 2007 and to calculate the health benefits associated with 
this more aggressive phase out of HCFCs.  EPA may also examine avoided costs, and 
may be able to enhance the model’s exposure estimates considering behavior, solar zenith 
angle, and age. 
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E.1.3 Review Process 

Once reviewers agreed to participate in the process, charge questions were 
provided to the peer reviewers which directed focus to certain parts of the report 
based on the expertise of individual reviewers.  Reviewers were also asked for 
comments across the entire report, if reviewers wished to do so.  The reviewers 
were provided with a copy of the report, “Cataract Incidence in the United 
States Using the Atmospheric Health and Framework Model,” the 2006 Peer 
Review Report, “Human Health Benefits of Stratospheric Ozone Protection,” 
and additional studies of interest for their review.   
 
Peer review comments led to a number of actionable items including additions 
and clarifications to the report, and the incorporation of additional modeling 
results (see section E.2).   
 
E.2 Responses to Peer Review Comments 

The peer review comments are presented in this section by charge question.  
Each reviewer received only the charge questions best fitting his or her 
expertise; however, reviewers were asked to review the entire report and 
provide comment(s) as necessary.  The reviewer comments to each charge 
question have been collectively summarized.  Each of these points is 
represented below the respective charge question and given an alphanumeric 
number.  A response and any actionable item(s) taken follows each point.  In 
response to the peer review comments, the report has been updated with 
clarifications, new results discussion, and additional items for future work.  
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E.2.1. Responses to Charge Questions 
 
Charge Question 1:  There are a number of studies available that discuss 
prevalence of cataract.  This report bases the biological amplification factor 
(BAF) on the Salisbury Eye Evaluation (SEE) Project as it is a regional-based 
study in the United States, provides the biological amplification factors in 
published literature, and provides dose-response relationships by gender and 
skin-type.  Do you find this study sound for the purpose of this work?  
 
Key Point(s) for Discussion: The following points were raised by the reviewers 
requiring further discussion and/or action items: 
 

(1a) It is difficult to measure UV exposure directly on the lens given the 
eye’s complex structure. 

 
o Response:  The BAF estimates the increase in eye damage associated 

with an increase in UV exposure.  The action spectrum (see charge 
question 5) provides the measurements of damage on the lens caused 
by UV.  The SEE study, which provides BAF for this work, does 
factor in UV ocular exposure based on a series of measurements 
made on local residents in the course of their day.  However, it is 
understood that such measurements are uncertain.  AHEF is a 
flexible model that can be updated as new BAFs become available. 

 
o Action Item(s): The following bullet has been added to Section 6, 

under Topics for Future Research: “The BAF and/or exposure 
weighting functions within AHEF can be updated or introduced as 
new research becomes available providing factors associated with 
changes in exposure behavior as a function of travel and/or 
migration, outdoor activity, and sun protection.  These behavior 
exposure weighting functions may be disaggregated by ethnicity, 
race, and/or latitude.” 
 

(1b) A reasonable attempt to account for behavior has been included in the 
SEE model.  

 
o Response:  The SEE study includes factors for UV protection such as 

wearing hats and/or protective eyewear as well as outdoor activity.  
These factors are internal to their model and are used in determining 
the BAFs.  As new studies become available, AHEF is able to be 
updated with new research. 

 
o Action Item(s):  The following text has been added to the end of the 

footnote on page 8: “The West et al. (2005) methodology for 
developing the BAFs takes into account such behavior factors as 
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outdoor activity and UV protection such as wearing hats and/or 
protective eyewear.” 

 
(1c) The SEE study does not account for variations in exposure due to travel 

and migration, and does assume the behaviors in sun protection that are 
accounted for in the SEE study remains constant across the United States 
and into the future.  

 
o Response:  The application of the SEE study in AHEF does assume 

that the behavior of the population groups in the SEE study are 
representative of the populations groups across the United States.  As 
stated on page 8 of the report, “The SEE findings are based on 
observations of the Maryland population and therefore the 
assumption that this population’s behaviors influencing sun exposure 
are representative of that for the entire U.S. is inherent in resultant 
BAFs.”  It is difficult to include changes in exposure associated with 
travel and/or migration.  AHEF does not account for this. 

  
o Action Item(s): The following bullet has been added to Section 6, 

under Topics for Future Research: “The BAF and/or exposure 
weighting functions within AHEF can be updated or introduced as 
new research becomes available providing factors associated with 
changes in exposure behavior as a function of travel and/or 
migration, outdoor activity, and sun protection. These behavior 
exposure weighting functions may be disaggregated by ethnicity, 
race, and/or latitude.” 

 
(1d) An investigation of the change in cortical cataract before and after the 

Montreal Protocol was adapted would give credence to the SEE model.  
 

o Response:  Given the potential long-term cumulative UV exposure 
associated with acquiring cortical cataract, it does not seem a change 
in cataract prevalence before and after the Montreal Protocol would 
be readily applicable in determining SEE model accuracy.  The 
adoption of the Montreal Protocol was not immediately implemented 
by all countries; as such, the ozone-depleting substance 
concentrations in the stratosphere may not have realized a significant 
drop within a short time frame.  In addition, the cataract prevalence 
data available may not be well-suited for such a study as the 
prevalence of cortical cataract is not provided separately (e.g., 
NEI/PBA 2002). 

 
o Action Item(s): No action item. 

 

                                                                                                               41                                        
     



                                             Protecting the Ozone Layer Protects Eyesight  
 A Report on Cataract Incidence in the United States Using the AHEF 

 

(1e) Using cataract surgery as a surrogate measure for cataract prevalence 
may be misleading because cortical cataract is the least likely of three 
types of age-related cataract to precede cataract surgery. 

 
o Response:  The SEE model bases the number of people in its study 

with cortical cataract using eye exams and medical records.  It 
investigates the three forms of cataract (nuclear, posterior 
subcapsular, and cortical) and determines cortical cataract is a form 
that can be linked to UV radiation. 

 
o Action Item(s):  No action item. 

 
Charge Question 2:  A new set of population estimates is required for the 
AHEF given the new county resolution.  Does the methodology for projecting 
population growth discussed in section 2.2 appear sound? 
 

(2a) This study assumes differences in cataract incidence are a function of 
age, skin type, and UV exposure.  It is suggested to broaden this study to 
include differences as a function of ethnicities. 
 
o Response:  Currently, there are no biological amplification factors 

available as a factor of ethnicity; however, if such data becomes 
available, AHEF can be updated with the new BAFs and population 
data for ethnicities as defined by the U.S. census bureau.  Given the 
current literature, it appears the differences in exposure between 
ethnic groups may be related to sun protection and exposure 
behavior, as opposed to any anatomical differences in the eye 
structure.  This leads to another option for accounting for ethnicities, 
that is, updating the cataract module with a behavior weighting 
factor that would represent change in UV exposure based on changes 
in behavior as a function of ethnicity. 
 

o Action Item(s):  The following bullet has been added to Section 6, 
under Topics for Future Research: “The BAF and/or exposure 
weighting functions within AHEF can be updated or introduced as 
new research becomes available providing factors associated with 
changes in exposure behavior as a function of travel and/or 
migration, outdoor activity, and sun protection. These behavior 
exposure weighting functions may be disaggregated by ethnicity, 
race, and/or latitude.” 

 
Charge Question 3:  In general, this report finds the greatest cataract incidence 
will occur for states with populations with a higher percentage of aging 
populations and for northern states due to the greater reduction in ozone 
concentration. Are these modeling conclusions supported by the current 
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literature on cataract incidence after correcting for migratory and behavioral 
factors? 
 
Key Point(s) for Discussion:   This question should be clarified.  It is not the 
absolute UV irradiance that is greater in the northern states, but the change in 
UV irradiance estimated when comparing a control policy scenario to the 1979-
1980 Baseline.  The report requires similar clarifications.  The following 
comparison of the difference in incremental change of UV irradiance between 
Illinois (northern state) and Florida (southern state) has been inserted into 
Appendix C of the report: 
 
“The variables contributing to estimating cataract incidence, namely, age, UV 
irradiance, latitude, and policies in place to protect the ozone layer are 
discussed here to assist in explaining the trends discussed in section 4.1 (see 
Figures 3 and 4 for graphical representation of trends).  Table C-1 presents 
estimates of cataract incidence under the 1979-1980 Baseline, the 1987 
Montreal Protocol as Originally Agreed, and the Montreal Protocol as 
Amended and Adjusted through 1997 for a southern state (Florida) and a 
northern state (Illinois) in 2020.  Both states have relatively large populations 
aged 55 to 84.23   
 
Table C-1 presents the amount of UV radiation reaching the Earth’s surface 
(annual average UV irradiance) for each of the scenarios reviewed.  The UV 
irradiance decreases as we compare the 1987 Montreal Protocol as originally 
agreed, the Montreal Protocol as amended and adjusted through 1997, and the 
1979-1980 Baseline, as expected.  This trend mirrors the reduction in 
concentrations of ozone-depleting substances associated with each control 
policy.24  Geographically, the southern state, Florida, has a much higher 
average annual UV irradiance when compared to Illinois.  That is, more UV 
reaches the Earth’s surface in the southern states.   
 
Table C-1 also displays the absolute cataract incidence by state and control 
policy in the year 2020.  As would be expected, as the amount of average annual 
UV irradiance increases so does the estimated cataract incidence.  The absolute 
incidence number is directly proportional to the average annual UV irradiance.   
 
The difference between cataract incidence for each control policy and the 1979-
1980 baseline is represented in Table C-1 as the “incremental cataract 
incidence relative to 1979-1980 baseline.”  The greater the reduction in total 
ozone column amount compared to the 1979-1980 baseline, the larger the 

                                                 
23The projected Illinois total population in 2020 is 14,570,102 of which 3,989,644 are aged 
between 55 and 84.  The projected Florida total population is 19,245,129 of which 5,793,586 are 
aged between 55 and 84. 
24 We see an increase in ozone concentrations moving from the 1987 Montreal Protocol as 
originally agreed to the Montreal Protocol as Amended and Adjusted through 1997, approaching 
the concentrations under the Baseline scenario.   
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incremental cataract incidence.  Greater ozone damage occurs under the 
original Montreal Protocol than under the more stringent Amendments of 1997.  
Under both control policies, the total ozone column amount is smaller than the 
1979-1980 baseline.  This table demonstrates that although the UV radiation 
reaching the surface is greater in a southern location (leading to a greater 
absolute number of cataract incidence), the difference in cataract incidence 
between control policy and 1979-1980 baseline is greater for the northern 
location.  This is because ozone layer damage is greater closer to the poles and 
further from the equator.  This relationship is further illustrated in Figures 3 
and 4 in section 4.1.  
 
Table C-1.  Comparison of UV and cataract-related variables for Illinois and 
Florida for the population between ages 55 and 84 in the year 2020. 

Illinois Florida  

1979-1980 
Baseline 

1987 
Montreal 
Protocol 

as 
Originally 

Agreed 

 

Montreal 
Protocol 

as 
Amended 

and 
Adjusted 
through 

1997 

1979-
1980 

Baseline 

1987 
Montreal 
Protocol 

as 
Originally 

Agreed 

 

Montreal 
Protocol 

as 
Amended 

and 
Adjusted 
through 

1997 

Annual 
Integrated 
Biologically 
Weighted 

UV 
Irradiance 

(kJ/m2) 

 

3,319 

 

4,187 

 

3,463 

 

4,817 

 

5,429 

 

4,932 

Absolute 
Cataract 
Incidence 

31,980 32,350 32,150 36,480 36,650 36,570 

Incremental 
Cataract 
Incidence 
Relative to 
1979-1980 
Baseline 

 
370 180 

 
170 90 

% Change 
in Cataract 
Incidence 
per 1979-

1980 
Baseline 
Cataract 
Incidence 

 
1.20% 0.56% 

 
0.47% 0.25% 

 
 
Figure C-1 illustrates the percent change in cataract incidence for all states in 
2020, comparing the 1987 Montreal Protocol as originally agreed to the 1979-
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1980 baseline.  Similar to the findings presented in Table C-1, the overall trend 
in this figure demonstrates an increasing percent change in cataract incidence 
with increasing (i.e., more northern) latitude.  The absolute cataract incidence 
may still be greater for southern locations; however, the change in incidence 
associated with a control policy is greater in northern locations.” 
 

Figure C-1. Projected % Change in Cataract Incidence Cases for the year 2020 
comparing the 1987 Montreal Protocol as Originally Agreed to the 1979-1980 
Baseline.   

 
 
The following points were raised by the reviewers requiring further discussion 
and/or action items: 
 

(3a) Increased risk of cataract illustrated for those living in northern states 
may also be due to the unique nature of the ocular UV exposure 
occurring due to the anatomy of the orbit.  Current research is underway 
that finds peak UV exposure to the eye occurs when the solar altitude is 
around 40 degrees.   
 
o Response:  Current research suggests the eye exposure to UV is at a 

maximum when the solar altitude is around 40 degrees.  This 
suggests those living outside of the tropics are more susceptible to 
eye damage.  As studies become available, this information can be 
used in AHEF either to inform the development of the biologically 
weighted irradiances or to be added as a weighting factor as a 
function of solar zenith angle. 
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o Action Item(s):  The following bullet has been added to Section 6, 
Topics for Future Research: “The cataract module can be updated to 
include an additional UV exposure weighting function based on solar 
zenith angle once new research becomes available.  Specifically, 
there is initial support in the research community that peak UV 
exposure to the eye occurs when the solar altitude is around 40 
degrees and so exposure could be weighted with the 40 degree 
maximum for eye exposures (Sasaki et al. 2009).” 

 
(3b) The current observations demonstrate the change in ozone 

concentrations are decreasing at a greater rate with increasing latitudes; 
alternatively, the amount of UV reaching the surface increases as 
latitudes decrease.  There is no evidence that the increase due to ozone 
reduction is greater than the decrease due to latitude.  
 
o Response: Please see discussion directly below this charge question.  

The results of the projected incremental change of cataract incidence 
are not based on absolute UV irradiance, but on the incremental 
change in UV irradiance estimated between a control policy scenario 
and the 1979-1980 baseline.  The minimal reduction in ozone- 
depleting substances associated with the original Montreal Protocol, 
for example, results in significant change in stratospheric ozone 
concentrations.  The Northern latitudes realize this change in 
reduced concentration earlier and with greater severity.   

 
o Action Item(s):  No action item. 

 
(3c) Populations in higher latitudes likely spend less time outdoors and 

thereby receive less UV exposure than their southern counterparts.  This 
may be offset to some degree by the usage of protective eyewear.   

 
o Response:  The AHEF includes the use of UV protection such as 

wearing hats and/or protective eyewear as well as outdoor activity in 
the BAFs that are estimated for Maryland population groups.  These 
behaviors are assumed to be representative of the nation; hence, 
AHEF does not allow for variations across the country.  AHEF is 
readily able to include weighting factor(s) which would represent 
UV protection based on county latitude.   

 
o Action Item(s):  The following bullet has been added to Section 6, 

under Topics for Future Research: “The BAF and/or exposure 
weighting functions within AHEF can be updated or introduced as 
new research becomes available providing factors associated with 
changes in exposure behavior as a function of travel and/or 
migration, outdoor activity, and sun protection.  These behavior 

                                                                                                               46                                        
     



                                             Protecting the Ozone Layer Protects Eyesight  
 A Report on Cataract Incidence in the United States Using the AHEF 

 

exposure weighting functions may be disaggregated by ethnicity, 
race, and/or latitude.”  

 
(3d) While the modeling assumptions made in the AHEF model seem 

reasonable, any assumptions made relating to migration patterns are 
questionable as there are multiple migration trends between 
demographics. 
 
o Response / Action Item(s):  Please see Response / Action Item (s) 

associated with charge question (1c). 
 
Charge Question 4:  This report investigates the sensitivity of the cataract 
incidence results to varying biological amplification factors (see section 5.1 in 
the report).  The cataract incidence results are not found to be very sensitive to 
varying the biological amplification factor as a function of gender and skin-
type.  Is the methodology in the sensitivity analysis described by section 5.1 
sound? 
 
Key Point(s) for Discussion:  The following points were raised by the reviewers 
requiring further discussion and/or action items: 
 

(4a) Given there is no known dramatic anatomical difference in the refracting 
structures of the eye amongst races, variation of cataract incidence by 
race based on the physical attributes should not be significant.  However, 
behavior such as UV protection and outdoor activity may be a function 
of race and/or ethnicity.   

 
o Response:  Currently, there are no biological amplification factors 

available as a function of ethnicity; however, if such data becomes 
available, AHEF can be updated with population data for race or 
ethnicities as defined by the U.S. census bureau.  Given the current 
literature, it appears the differences in exposure between ethnic 
groups may be related to sun protection and exposure behavior as 
opposed to any anatomical differences in the eye structure. 

 
o Action Item(s):  The following bullet has been added to section 6, 

under Topics for Future Research: “The BAF and/or exposure 
weighting functions within AHEF can be updated or introduced as 
new research becomes available providing factors associated with 
changes in exposure behavior as a function of travel and/or 
migration, outdoor activity, and sun protection.  These behavior 
exposure weighting functions may be disaggregated by ethnicity, 
race, and/or latitude.” 

 
(4b) It is suggested to validate SEE’s statement that SEE has “shown similar 

risks of cataract with UVB exposure for Caucasians and African 
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Americans” by using Census data and a measure of cataract prevalence 
and incidence to investigate cataract incidence as a factor of 
pigmentation compared to exposure.   

 
o Response / Action Item(s):  Please see Response / Action Item(s) of 

charge question (1d). 
 
Charge Question 5:  The Oriowo et al. (2001) spectrum was used given both its 
coverage of optimum wavelengths and that the pig cornea is similar in 
composition and UV response to the human cornea.  Given your expertise, is the 
Oriowo et al. (2001) action spectrum used to represent cataract response to UV 
radiation a sound choice? 
 
Key Point(s) for Discussion:  The following points were raised by the reviewers 
requiring further discussion and/or action items: 
 

(5a) The porcine study, which provides the cataract action spectrum for the 
AHEF model, may be acceptable for the older populations based on the 
main absorbing chromophore.  It is also noted that older humans with an 
aging lens will be more susceptible to increases in UV-B than predicted 
by the Oriowo et al. study.  
 
o Response:  The AHEF model currently assumes zero baseline 

incidence for populations below 55 years of age.  If this age 
threshold is lowered to allow younger populations to acquire 
cataract, then a transparent discussion of limitations associated with 
using the Oriowo et al. study for young populations groups would 
need to be included.  The caveat associated with this study as 
outlined above will be added to the report.    

 
o Action Item(s): The following text has been added to the text box on 

page 5 discussing the Oriowo et al. (2001) action spectrum: “Using a 
young pig lens to simulate UV damage may underestimate the 
impact on the older population (as the damage caused by UV-A and 
UV-B changes with the age of the lens).”  The following text has 
been added as a bullet to section 6, Topics for Future Research: 
“Investigating the effect of early life UV exposure on cataract 
incidence through updating baseline incidences to include all age 
groups and/or applying an age-weighting algorithm to account for 
potential changes in dose-response associated with early life 
exposures.” 

 
(5b) Using this study for the cataract action spectrum is not likely to 

introduce a 50% probable error.    
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o Response:  The uncertainty analysis on page 18 provides an 
approximate quantification of uncertainty associated with the action 
spectrum of 50%.  As mentioned in the text, this number is 
associated with the uncertainty of skin cancer and, upon further 
reflection, is not appropriate to include in this study.  There is no 
quantification of the uncertainty associated with using the Oriowo et 
al. (2001) action spectrum available.  However, a comparison of the 
slopes of the action spectra illustrated in Figure 2 suggests an 
uncertainty of 27%.  Continuing to quantify uncertainty across action 
spectrum can be developed once additional research of action 
spectrum across like wavelengths has been conducted. 

 
o Action Item(s):  There are two action items.  Firstly, page 19, section 

5.2, the “~50%” quantified uncertainty associated with “uncertainty 
with the choice of action spectrum” has been replaced with “27%.”  
Secondly, the following text “The uncertainty for defining the choice 
of action spectrum is very likely overestimated and is based on skin 
cancer results (EPA 2006),” has been replaced with “The uncertainty 
for defining the choice of action spectrum is estimated by comparing 
the slopes of the action spectra illustrated in Figure 2.” 

 
(5c) It is likely the pig cornea is similar to the human cornea.  The Oriowo et 

al. study investigates impact of UV on the lens without a cornea present.  
However, if the cornea were present, the adverse impact of the shorter 
UV wavelengths would be reduced.   The impact of UV-B may be 
overestimated given the Oriowo et al. (2001) action spectrum was 
developed based on the eye lens without a protective cornea. The human 
cornea filters UV below about 293 nm.  It is suggested than an 
“effective” action spectrum could be used that would take into account 
both the filtering that would occur if a cornea was present and the 
absorption spectrum of the lens.  

 
o Response:  As noted, the Oriowo et al. study uses in vitro pig lenses 

in the absence of the protective cornea.  In application of this to the 
AHEF model, the National Center for Atmospheric Research’s 
(NCAR) radiative transfer model TUV (Tropospheric Ultraviolet-
Visible) uses the action spectrum to provide the biologically 
weighted irradiance “lookup table.”  This table is based on the 
wavelengths from 270 to 370 nm.  Most of the UV wavelengths 
below 290 nm are absorbed in the upper atmosphere.  As Figure E-1 
demonstrates, as the total ozone column near 300 DU decreases by 
1%, an increase in UV irradiance occurs.  There is not a significant 
change in the shorter wavelengths particularly as the solar zenith 
angle increases. 
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Figure E-1.  Increases in UV radiation in response to 1% decrease in 
total ozone column near 300 DU (Madronich et al. 1995).25  

 
 
Given this, the inclusion of a protective cornea when estimating the 
action spectrum against shorter wavelengths may not have a 
noticeable impact on the AHEF results (which are based on the 
difference in cataract incidence between control policies and the 
1979-1980 Baseline).   Though the suggested “effective” action 
spectrum is an interesting route to artificially address these 
wavelengths, it is preferred to use a peer reviewed action spectrum 
directly from the literature for the AHEF model and, as such, the 
Oriowo et al. action spectrum will be used until a new action 
spectrum which tests the damage on both the cornea and the lens 
across the UV wavelength band becomes available. 

 
o Action Item(s):  There are two action items.  Firstly, the following 

text box on page 5, discussing the Oriowo action spectrum has been 
added: “Modeling the impact of UV radiation on the lens in the 
absence of the protective cornea may overestimate the impact of UV 
wavelengths between 290 and 300 nm.”  Secondly, the following 
text has been added as a bullet to section 6, Topics for Future 
Research: “The action spectrum can be updated once a new peer 

                                                 
25 Madronich, S., R. McKenzie, M. Caldwell, and L. Bjorn (1995). “Changes in Ultraviolet 
Radiation Reaching the Earth’s Surface.” Ambio, Vol. 24 No. 3, 143-152 
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review study becomes available that measures the UV impact on the 
lens with the cornea present.” 

 
(5d) Recent research suggests a window of UV-B wavelengths can transmit 

through the cornea and lens, hitting the retina during childhood (pre-
puberty years); that is, injury to the lens is more likely cumulative from 
an early age. 

 
o Response:  The AHEF model assumes populations aged below 55 

years of age do not acquire UV-induced cataract.  The cataract 
baseline incidence used in the AHEF model is drawn from observed 
populations.  As such, the cumulative impacts of UV that contribute 
to the baseline incidence inherently reflect child exposure.  However, 
it is interesting to note that this suggests an increase in cataract 
incidence later in life may be associated with poor protective 
behavior during childhood.  AHEF does allow for weighting of UV 
exposures by age and by type of exposure (e.g., peak day exposure 
and annual exposure).  The cataract module can be adapted to 
include both a baseline incidence for all age groups and an age-
weighting of UV exposure.  For example, a similar discussion of the 
cumulative UV exposure over a lifetime for cutaneous malignant 
melanoma (CMM) skin cancer was included in Section 8.2 of the 
2006 Peer Review Report.  Figure E-2 provides results when using 
annual or peak day exposures.  The exposures are either weighted 
equally over a person’s lifetime, or by weighting only the exposures 
received between age one and age twenty.  

 
Figure E-2. (EPA 2006)  
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These simulations illustrate that cutaneous malignant melanoma 
(CMM) mortality may change by up to 11% when the age-weighting 
exposure assumptions are changed. 

 
o Action Item(s):  The following text has been added as a bullet to 

section 6, Topics for Future Research: “Investigating the effect of 
early life UV exposure on cataract incidence through updating 
baseline incidences to include all age groups and/or applying an age-
weighting algorithm to account for potential changes in dose-
response associated with early life exposures.” 

 
(5e) The Oriowo et al. (2001) study provides the action spectrum for the pig 

lens not the pig cornea. 
 
o Response:  This is incorrect in the report, this will be corrected. 
 
o Action Item(s):  Page 5, Section 2.1, “similarity of the pig cornea to 

the human cornea in composition and UV response” has been 
replaced with “similarity of the pig lens to the human lens in 
composition and UV response.”  And “pig cornea is similar in 
composition and UV response to the human cornea” has been 
replaced with “pig lens is similar in composition and UV response to 
the human lens.” 

 
(5f) Laboratory experiments use brief, relatively intense doses of UV 

radiation.  However, cumulative human exposure to UV radiation occurs 
over decades at much lower doses.  As such, laboratory experiments 
may not represent whole life exposure scenarios. 
 
o Response:  As it is considered unethical to conduct UV dose-

response experiments on humans and difficult to monitor long-term 
doses, animal experiments for determining action spectra are the best 
currently available relationships that exist.  To the extent that better 
models become available:  for example, primate studies or long term 
human monitoring studies, dose-response relationships used in the 
AHEF can be updated.  

 
o Action Item(s):  No action item.  

 
(5g) References for the action spectrum listed in Figure 2 are missing in the 

reference section for all but the Oriowo et al. (2001) study.  
 
o Response:  This will be corrected. 
 
o Action Item(s):  Missing references have been added to the reference 

section. 
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(5h) The risk of acquiring cataract has been demonstrated to increase with 

decreasing latitude given sunlight, on average, travels through less 
atmosphere.  These observations suggest the solar UV radiation affects 
the human lens.  
 
o Response:  It has been documented in a number of studies that UV 

radiation is a likely contributor to cortical cataract.  Please see the 
discussion directly beneath charge question 3. 

 
o Action Item(s): No action item. 

 
(5i) It is not known how the sensitivity of the human lens varies with age.  

However, without any data on the age-dependent sensitivity of the 
human lens to UV radiation, it is not possible to know the true long-term 
impact of ozone depletion and recovery on the U.S. population of any 
state.  

 
o Response:  The AHEF cataract module assumes cumulative 

exposure of UV and allows cataract incidence to occur at a threshold 
age of 55.  The modeled baseline incidence for cataract is a function 
of age for individuals between from 55 to 85 years in 5 year cohorts 
Although early life exposures may add to the population weighted 
cataract burden, it is expected to be a second order correction and 
would be difficult to separate this source of morbidity from overall 
cataract incidence.  It would be possible, as a proxy, however, to 
weight early life exposures more heavily in the AHEF model and to 
generate incidence estimates based on this weighting.  Several 
reviewers suggested such age weighting based on the consideration 
that the younger lens may be more vulnerable to UV impact 
contributing to cataract incidence that may occur later in life.   

 
o Action Item(s):  The following text has been added as a bullet to 

section 6, Topics for Future Research: “Investigating the effect of 
early life UV exposure on cataract incidence through updating 
baseline incidences to include all age groups and applying an age-
weighting algorithm to account for potential changes in dose 
response associated with early life exposures.” 
 

(5j) The draft report suggests that the depletion of stratospheric ozone 
creates greater risk for populations living in the northern states 
compared to those living in the southern states.  There is a question as to 
whether this data corrected for total UV radiation. 

 
o Response/Action Item(s):  Please see the discussion, and 

Responses/Action Item(s) to Charge Question 3. 
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Charge Question 6:  The solar zenith angle calculation has been updated from 
a latitude band resolution to a county resolution.  The stratospheric ozone 
column amounts continue to be provided at the latitude band resolution as a 
finer resolution for determining the ozone column amounts is not anticipated to 
provide large differences.  Do you agree?   
 
Key Point(s) for Discussion:  The following points were raised by the reviewers 
requiring further discussion and/or action items: 
 

(6a) It is suggested to investigate the ozone variations along a specific 
latitude to test the applicability of using a latitude band resolution for 
ozone column amounts.   

 
o Response:  AHEF determines monthly total ozone column amounts 

for a given policy scenario at 10 degree latitude band resolution.  
These values are then used to estimate the biologically weighted 
irradiance at a given U.S. county and time of day, assuming clear-
sky conditions.  The Nimbus satellite26 provides monthly images of 
ozone column amounts at 25 DU increments, which is a resolution of 
about 10% relative to the total column ozone.  Variability in ozone 
concentrations by topography and time of year is also observed to be 
on the order of 25 DU in mountainous terrain.  Additionally, total 
column ozone estimates are comprised to some degree of 
tropospheric ozone contributions that vary according to location and 
associated local air quality.  These factors all affect instantaneous or 
averaged column ozone levels, but importantly, are present in both 
the baseline and modeled scenario output, and hence, tend to cancel 
each other out.  It is also worth noting that the relative differences 
between scenarios, and the associated uncertainty, would tend to be a 
second order effect and within the range of measurement resolution.   

 
o Action Item(s):   No action item. 

 
Charge Question 7: Research has shown that the use of sunglasses or 
protective eyewear reduces UV impact.  Have you found in your research, or are 
you aware of research in the literature or not yet published, that protective 
eyewear is a significant deterrent to cataract incidence? 
 
Key Point(s) for Discussion:  The following points were raised by the reviewers 
requiring further discussion and/or action items: 
 

(7a) There is significant evidence that suggests protective eyewear reduces 
UV radiation into the eye.  Research has not been adequately conducted 

                                                 
26ftp://toms.gsfc.nasa.gov/pub/nimbus7/images/monthly_averages/ozone/ 
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that tests the effect of protective eyewear on reducing incidence of UV-
related eye disease. 

 
o Response: Though it is unlikely a research study focused on this 

question will be conducted, the anecdotal understanding suggests 
that sunglasses are a deterrent to cataracts.  The BAF used in this 
study incorporate estimates of long-term sun protection behavior 
such as sunglasses, hats, and outdoor activity.  The AHEF can 
include this new research as it becomes available.    

 
o Action Item(s): The following bullet has been added to section 6, 

under Topics for Future Research: “The BAF and/or exposure 
weighting functions within AHEF can be updated or introduced as 
new research becomes available providing factors associated with 
changes in exposure behavior as a function of travel and/or 
migration, outdoor activity, and sun protection.  These behavior 
functions may be disaggregated by ethnicity and/or latitude.” 
 

(7b) The use of protective eyewear may vary with time of day.  The greatest 
usage of protective eyewear may occur midday; however, it has been 
shown that more damaging UV impact on the eye occurs when the solar 
zenith angle is larger.  Hence, the timing of optimum protective behavior 
(e.g., wearing sunglasses) may not actually correspond to the degree of 
potential UV impact. 

  
o Response: The solar zenith angle, based on location and time of day, 

is calculated by the AHEF model and used in determining the 
biologically weighted irradiance.  The current action spectrum 
equates the effectiveness of each UV wavelength to harm the lens of 
the eye.  Two weightings based on time of day could be applied to 
both to simulate increased UV dose and the use of protective 
eyewear.  A study could be conducted to determine if the UV dose 
associated with varying solar zenith angles could also be represented 
by a weighting factor.   

 
o Action Item(s): The following bullet has been added to section 6, 

under Topics for Future Research: “The cataract module can be 
updated to include an additional UV exposure weighting function 
based on solar zenith angle once new research becomes available.  
Specifically, there is initial support in the research community that 
peak UV exposure to the eye occurs when the solar altitude is around 
40 degrees and so exposure could be weighted with the 40 degree 
maximum for eye exposures (Sasaki et al. 2009).” 
 

(7c) Due to the peripheral light focusing effect, wearing sunglasses that block 
rays from the front of the eye can have virtually zero impact on 
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preventing ocular damage associated with potentially the most relevant 
UV radiation. UV contact lenses and wrap-around sunglasses can block 
these damaging rays, but reports on UV contact lens use are unreliable.  

 
o Response:  This suggests that the form of eyewear protection is 

important.  This is relevant to any future behavioral studies where 
the use of eye protection would be included in the cataract module as 
a weighting factor.  This factor would likely require a comprehensive 
study that accounts for this variation in eye protection. 

 
o Action Item(s): The following bullet has been added to section 6, 

under Topics for Future Research: “The BAF and/or exposure 
weighting functions within AHEF can be updated or introduced as 
new research becomes available providing factors associated with 
changes in exposure behavior as a function of travel and/or 
migration, outdoor activity, and sun protection.  These behavior 
exposure weighting functions may be disaggregated by ethnicity, 
race, and/or latitude.” 

 
(7d) It is nearly impossible to prove direct causality of the use of protective 

eyewear to the reduction of cataract incidence because of (1) the small 
incidence of cataract and (2) length of time of UV exposure required to 
develop cataracts. However, based on other evidence, it is appropriate to 
recommend UV protective eyewear to the population regardless of 
location. 

 
o Response: Though it is unlikely a research study focused on this 

question will be conducted, the anecdotal understanding suggests 
that sunglasses are a deterrent to cataracts.  The AHEF can include 
this new research as it becomes available.    

 
o Action Item(s): The following bullet has been added to section 6, 

Topics for Future Research, “The BAF and/or exposure weighting 
functions within AHEF can be updated or introduced as new 
research becomes available providing factors associated with 
changes in exposure behavior as a function of travel and/or 
migration, outdoor activity, and sun protection. These behavior 
exposure weighting functions may be disaggregated by ethnicity, 
race, and/or latitude.” 

 
Charge Question 8: If protective eyewear is a deterrent, does cataract 
incidence vary depending on whether eye protection begins at younger ages?  

 
Key Point(s) for Discussion:  The following points were raised by the reviewers 
requiring further discussion and/or action items: 
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(8a) As significant exposure of UV radiation occurs before 19 years of age, 
early protection against cumulative exposure is crucial.  Overall, the 
lower the lifetime exposure of the eye to solar radiation, the less total or 
cumulative exposure leading to cataract incidence.   

 
o Response/Action Item(s):  Please see Response/Action Item(s) to 

charge question 5d.  
 

(8b) Studies have shown that the lens’ effectiveness in blocking UV increases 
with age; children have very large pupils and before age 20, the lens is 
very clear and lacks the biochemical elements to effectively block UV. 

 
o Response: An exposure weighting factor as a function of age can be 

introduced into AHEF once the research has become available; this 
would allow for greater weighting of exposure for younger years.  
Please see Response/Action Item(s) to charge question 5d. 

 
o Action Item(s): The following text has been added as a bullet to 

section 6, Topics for Future Research: “Investigating the effect of 
early life UV exposure on cataract incidence through updating 
baseline incidences to include all age groups and/or applying an age-
weighting algorithm to account for potential changes in dose-
response associated with early life exposures.” 

 
Charge Question 9: If protective eyewear is a deterrent, does research suggest 
that the behavior of using eye protection varies by population type?  
 
Key Point(s) for Discussion:  The following points were raised by the reviewers 
requiring further discussion and/or action items: 
 

(9a) Based on personal experience, the behavior of using eye protection does 
vary by population type and, in many cases, may be entrenched in the 
society’s culture. 

  
o Response:  Currently, the AHEF estimates BAFs for cataract as a 

function of skin type.  If the behavior of eyewear protection is shown 
to vary by ethnicity, or other population type, AHEF is able to be 
updated to include this data.  

 
o Action Item(s): The following bullet has been added to section 6, 

under Topics for Future Research: “The BAF and/or exposure 
weighting functions within AHEF can be updated or introduced as 
new research becomes available providing factors associated with 
changes in exposure behavior as a function of travel and/or 
migration, outdoor activity, and sun protection.  These behavior 
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exposure weighting functions may be disaggregated by ethnicity, 
race, and/or latitude.” 

 
(9b) In many cases, protective eyewear is worn in response to glare.  Fair-

skinned populations with light eyes tend to be more affected by glare 
due to the retinal and iris pigment levels and may, therefore, be more apt 
to use protection.  However, due to lack of consistent sun protective 
measures by dark-skinned persons, who experience less glare, dark-
skinned persons are in effect more vulnerable to primary 
ophthalmohelioses.  

 
o Response: Currently, the AHEF model estimates cataract biological 

amplification factors (BAFs) for light-skinned and dark-skinned 
populations.  AHEF is a flexible model that can include new or 
additional BAFs for different behavioral population types as new 
research becomes available.   

 
o Action Item(s): The following bullet has been added to section 6, 

under Topics for Future Research: “The BAF and/or exposure 
weighting functions within AHEF can be updated or introduced as 
new research becomes available providing factors associated with 
changes in exposure behavior as a function of travel and/or 
migration, outdoor activity, and sun protection.  These behavior 
functions may be disaggregated by ethnicity and/or latitude.” 
 

(9c) Studies may not be available that specifically suggest that the behavior 
of using eye protection varies by population type. However, there are 
studies on sun protection attitudes and behaviors which could potentially 
be used to quantify protective eyewear behavior. 

 
o Response: Currently, AHEF estimates biological amplification 

factors (BAFs) for cataract as a function of skin type.  If the behavior 
of eyewear protection is shown to vary by ethnicity, or other 
population type, AHEF is able to be updated to include this data.  

 
o Action Item(s): Add the following bullet to section 6, under Topics 

for Future Research: “The BAF and/or exposure weighting functions 
within AHEF can be updated or introduced as new research becomes 
available providing factors associated with changes in exposure 
behavior as a function of travel and/or migration, outdoor activity, 
and sun protection.  These behavior exposure weighting functions 
may be disaggregated by ethnicity, race, and/or latitude.” 
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E.2.2.  Additional comments on the report  
 
One reviewer questioned whether the cataract baseline incidence rates are, in 
fact, prevalence data. 
 
o Response:  This prevalence data provides cataract cases by 5-year age 

groups.  A difference in the prevalence between two immediate age groups 
provides an estimate of new baseline incidence for the older age group.  It 
is recognized in section 6, under Topics for Future Research, new baseline 
incidence values for 1979-1980 would be valuable. 

 
One reviewer suggested the following:  The trends in cataract incidence 
provided in this report may be due to cohort effects other than changes in UV-B 
that may have occurred in the 40 years since the NHANES.  The potential 
confounding by cohorts should be mentioned in this report. 
 
o Response:  The NHANES data is used to provide baseline cataract 

incidence (i.e., for the 1979-1980 timeframe). Because the AHEF is 
concerned only with changes in UV-mediated cataract incidence and 
extrapolates this solely from the baseline incidence data, confounding 
cohort effects (e.g., changes in smoking habits or diabetes incidence that 
affect the incidence of various forms of cataract) are not relevant.  To the 
extent that confounding effects may influence the baseline data, upon 
which the analysis is based, this limitation has been acknowledged in the 
report (see footnote 5 in section 2.2 on page 7) and because only 
incremental cases associated with incremental changes in UV are assessed, 
any additional uncertainty would be of the second order. 

 
One reviewer questioned the report’s clinical definition of cataract.   
 
o Response:  We have included a new textbox describing two clinical 

definitions of cortical cataract used by cross-sectional surveys, including 
the West et al. (2005) study which provides the BAFs used in this report.     

 
One reviewer questioned the reasonableness of 23 million fewer cases of 
cataract in response to the implementation of the Montreal Protocol.  

 
o Response:  This number of cases applies to the total population born 

between 1890 to 2100.  The greatest impacts accrue to those segments of 
the population born between 1995 and 2045 when the Earth’s protective 
layer is most depleted, as illustrated below for the 30o to 40oN latitude 
band (reproduced from Figure 2 of the 2006 Peer Review Report, “Human 
Health Benefits of Stratospheric Ozone Protection”) for various ozone 
control policies.   
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Figure E-3.  Projected Ozone Column Amounts for 30o to 40oN latitude 
band for various ozone control policies (EPA 2006). 

 
 
The implications for cataract incidence based on these scenarios are the 
subject of the dose-response relationships used in the AHEF.  One study 
estimates a 1% reduction in stratospheric ozone would correspond to an 
additional 0.5% increase in cataract.27   

 

                                                 
27 UNEP assessment as cited by 
http://www.ozonedepletion.info/education/part2/ozoneimpact.html.  
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	  Foreword
	Cataract is a clouding of the eye’s naturally clear lens. Mostly, cataracts appear as we grow older, usually after age 40.  Over time, cataract formation in one or both eyes can cause vision impairment and blindness.  Age-related cataract has a number of potential causes, but lifelong exposure to ultraviolet radiation from the sun likely plays a significant role.  In the 2008 update to the Vision Problems in the U.S. report, the National Eye Institute and Prevent Blindness America estimated that cataract affects more than 22 million people, one in six over the age of 40, in the United States.
	The only treatment for cataract is removal of the clouded natural lens.  Most cataract patients receive an artificial lens, called an intraocular lens (IOL) implant in what is typically a safe and highly effective outpatient procedure.  But this treatment can be costly for individuals and for society.  Prevent Blindness America estimated in its 2007 Economic Impact of Vision Problems report that the direct medical cost of cataract treatment for Americans over the age of 40 totaled $6.8 billion annually.  This figure does not include lost productivity from reduced labor force participation and health utility costs related to distress, pain, depression, mobility and social limitations as measured by quality-adjusted life years.  These direct and indirect costs will only increase as the U.S. population ages and cataract becomes even more prevalent.  The next edition of Vision Problems in the U.S., to include estimates based on 2010 U.S. Census data, is expected to reflect this trend.
	The average direct outpatient cost of cataract treatment is $1,268 per patient. For inpatient treatment, the cost rises to $5,689 per patient.  Consequently, every case of cataract delayed or avoided entirely will return savings to individuals, our health care delivery system, and society as a whole, not to mention the potential impact in improved quality of life for those who do not have to face vision impairment or surgery.
	Protecting the Ozone Layer Protects Eyesight – A Report on Cataract Incidence in the United States Using the Atmospheric and Health Effects Framework Model offers an important reminder of the link between the intensity of ultraviolet radiation and cataract incidence.  At Prevent Blindness America, we fully support the Environmental Protection Agency in its efforts to increase public awareness of the consequences for our eye and vision health resulting from UV exposure and the estimated health benefits of domestic and international policies to reduce levels of ozone-depleting substances in the atmosphere.  Without the Montreal Protocol on Substances That Deplete the Ozone Layer and its amendments and adjustments, the economic and social burden of cataract might well have been much higher for our nation.
	As the report emphasizes, cataract is primarily an age-related phenomenon, with risk factors that may vary for individuals depending on where they live, their level of outdoor activity, and the extent to which they take steps to protect their eyes from UV radiation throughout their lives.  Protecting the Ozone Layer Protects Eyesight - Cataract Incidence in the United States Using the Atmospheric and Health Effects Framework Model sets the stage for additional research to demonstrate the direct economic and societal benefits of ozone layer protection and enables future efforts to tailor more precise public health messaging about UV eye protection that may avoid many more cases of cataract for generations of Americans in the years and decades to come. 
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